Stretchable liquid crystal blue phases 
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We report the fabrication of a stretchable blue phase in a cross-linked liquid crystalline system. 
A 20- micron-thick film was reversibly stretched by up to 1.5 times its initial length. A concomitant 
blue-shift of the selectively-reflected color was observed. 



Stretchable materials made from cross-linked liquid 
crystalline systems have been demonstrated in the ne- 
matic, chiral ncmatic, and smectic mesophascs 

[Hi- The 

purpose of this Letter is to report preliminary results on 
the fabrication of a stretchable cross-linked liquid crys- 
talline blue phase. 

The details of the fabrication process are described in 
the Methods section below. The polymer was formed 
and cross-linked via photopolymcrization of a mixture 
which included mono- and di-functional reactive meso- 
gens (mono- and di-acrylates). Following work by Broer 
et al. Q, photopolymerization of reactive mesogens has 
been used to stabilize a wide variety of liquid crystals — 
including the blue phases — and to increase their func- 
tionality 0-0. The technique has been reported as an 
established method to create monodomain chiral nematic 
elastomers [§]. Using this method, we were able to 
form a high-quality (large monodomain) blue phase by 
slow-cooling before subsequent polymerization and cross- 
linking. 

The materials and polymerization process are very sim- 
ilar to those we have used recently to form blue phase 
templates Q. In particular, we used bimesogens, exploit- 
ing their unusually stable intrinsic blue phases [lol [ll[ 
which were sufficiently robust under the required high- 
intensity ultraviolet exposure. After photopolymcriza- 
tion the material appeared macroscopically as a solid, 
stable over a wide temperature range including room 
temperature. The structure was identified conclusively 
as that of blue phase I using a combination of standard 
techniques: polarizing optical microscopy, spectral anal- 
ysis, and Kossel diffraction analysis. 

Figure [T] shows a film of the blue phase polymer being 
stretched. Here, a 20 ^m-thick layer was placed across 
a variable-width aperture and observed on a polarizing 
optical microscope. A characteristic blue phase platelet 
texture [ijj is apparent. The film adhered to the aperture 
edges and was stretched as the aperture was widened. So 
far we have succeeded in stretching the films in this way 
by up to 1.5 times their original length. The stretching 
was carried out at room temperature and was reversible; 
the photograph in Fig. [TJa) was taken after a number of 
stretch-relax cycles. 

Two interesting features are qualitatively demon- 
strated in the Figure: a blue-shift of the color and in- 



FIG. 1. Stretchable blue phase between crossed polarizers. A 
20 fj,m thick layer of the blue phase material was placed across 
a variable-width aperture and imaged in transmission using 
an optical polarizing microscope (scale bar, 1 mm), (a) The 
un-stretched state. Pale blue arrows denote the orientation of 
the crossed polarizers, (b) & (c) The aperture was widened 
in the direction of the white arrows, stretching the sample. 
A blue-shift of the color is observed, together with enhanced 
transmission in some areas of the film due to inhomogeneous 
strain-induced birefringence. 



homogeneous strain-induced birefringence. Quantitative 
analysis of these features, and further details, will be pub- 
lished in the future. 



Methods 

The material was composed of 4 % chi- 
ral additive BDH1281 (Merck), 30% reactive- 
mcsogen/photoinitiator mixture UCL-011-K1 (DIC 
Corp.), 16.5% FF050FF, 16.5% FF070FF, 16.5% 
FF090FF, and 16.5% FFOllOFF (where the chemical 
structure of the bimesogens FFOnOFF, synthesized 
in-house, is shown in the Supplementary Information of 
Ref. Q). The mixture was filled between two sheets of 
glass, forming a film 20 /jm thick. The blue phase was 
formed by slow cooling from the isotropic phase. The 
material was polymerized under ultraviolet radiation 
(Omnicure series 1000 spot curing system with 320- 
500nm filter, EXFO) using light of intensity 50 W/m 2 
(measured using a PM 100 digital optical powermeter, 
Thorlabs). A two step process was employed: First, 
the blue phase was exposed for 7 s at an elevated 
temperature. Second, it was exposed for 13 s at room 
temperature. After removal of one glass layer, the film 
was separated from the other glass layer using a razor 
blade wetted with propan-2-ol. 
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